BACKGROUND: With the expansion of Medicaid and low-cost health insurance plans among diverse patient populations, objective measures of medication adherence using pharmacy claims could advance clinical care and translational research for safety net care. However, safety net patients may experience fluctuating prescription drug coverage, affecting the performance of adherence measures.
METHODS: We conducted this cross-sectional analysis using administrative and clinical data for 680 members eligible for a self-management support trial at a nonprofit, government-sponsored managed care plan. We applied CMG methodology to cardiometabolic medication claims for English-, Cantonese-, or Spanish-speaking members with diabetes. We examined inclusiveness (the proportion with calculable CMG) and selectivity (sociodemographic and medical differences from members without CMG). For validity, we examined unadjusted associations of suboptimal adherence (CMG > 20%) with suboptimal cardiometabolic control.
RESULTS: 429 members (63%) had calculable CMG. Compared with members without CMG, members with CMG were younger, more likely employed, and had poorer glycemic control but had better blood pressure and lipid control. Suboptimal adherence occurred more frequently among members with poor cardiometabolic control than among members with optimal control (28% vs. 12%, P = 0.02).
CONCLUSIONS: CMG demonstrated acceptable inclusiveness and validity in a diverse, low-income safety net population, comparable with its performance in studies among other insured populations. CMG may provide a useful tool to measure adherence among increasingly diverse Medicaid populations, complemented by other strategies to reach those not captured by CMG.
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R E S E A R C H
P ublic health safety net systems serve high proportions of low-income and racial/ethnic minorities with high diabetes prevalence and poor clinical outcomes. [1] [2] [3] Treatment with hypoglycemic, antihypertensive, and lipid-lowering medications has been shown to reduce morbidity and mortality in people with diabetes. 4 Suboptimal adherence to medications, however, contributes significantly to suboptimal cardiometabolic control and poor clinical outcomes. [5] [6] [7] [8] When caring for patients with suboptimal cardiometabolic control, clinicians are expected to assess adherence to current therapies, engage in patient-centered conversations about patient goals, elicit treatment preferences and burdens, and discuss options to modify or intensify regimens. [9] [10] [11] Improved medication adherence has been linked to patient-provider communication and shared decision making. 12, 13 However, these medication-related conversations often get derailed because of faulty provider
• Medication-related conversations often get derailed based on faulty provider assumptions about patient adherence, resulting in missed opportunities to strategize about nonadherence or inappropriate decisions about intensification.
What is already known about this subject
• Continuous medication gap (CMG) is an objective measure of adherence that uses pharmacy dispensings to measure gaps in patients' available supply of medications, but the validity of CMG relies on the assumption of complete capture of pharmacy utilization.
• The expansion of Medicaid and low-cost health insurance plans prompted by the 2010 Patient Protection and Affordable Care Act will increase access to prescription drug coverage for patients with chronic illnesses, especially those from racial/ethnic minorities.
• CMG demonstrated acceptable inclusiveness and validity in a diverse, low-income safety net population, comparable to its performance in other insured populations.
• Applying CMG to Medicaid and low-income health plan pharmacy claims may provide a useful tool for safety net health care systems to measure adherence among linguistically and culturally diverse populations.
• When attempting to measure adherence for quality improvement or intervention work, as well as research in a safety net population, health plans and health systems will need to examine other means of evaluating adherence for those for whom CMG is not calculable. 35, 36 This study used a waitlist variant of a stepped wedge design, in which SFHP randomized participants to immediate or waitlist intervention during 4 recruitment waves (April 2009-March 2011); waitlist participants crossed over to intervention after 6 months.
What this study adds
Study Setting SFHP (http://www.sfhp.org/) is a nonprofit, government-sponsored managed care plan created to underwrite medical care to low-income San Francisco residents. In addition to managing Medicaid benefits, SFHP administers "Healthy Workers," an insurance program for low-income people working as in-home support service providers for elderly or disabled people in San Francisco. Thus, SFHP administers benefits for a large proportion of patients served by the Community Health Network of San Francisco (CHNSF), which is the public health department's integrated health care delivery system. CHNSF is part of the San Francisco Bay Area Collaborative Research Network (http://www.sfbaycrn.org).
SMARTSteps eligibility criteria included English-, Cantonese-, or Spanish-speaking adults (aged ≥ 18 years) with diabetes and ≥ 1 primary care visits in the preceding 24 months to 1 of 4 CHNSF clinics based on CHNSF registry data. Members who were pregnant, lacked a touch-tone phone, reported plans to leave the region, or were unable to provide verbal consent were ineligible. We identified diabetes patients through the CHNSF diabetes registry or those with evidence of SFHP claims related to diabetes, followed by confirmation in the CHNSF electronic health record (clinician-documented diagnosis of diabetes, fasting glucose ≥ 126 milligrams per deciliter [mg/dL], or hemoglobin A1c [A1c] ≥ 7%). 37 We excluded SFHP members who denied having diabetes during recruitment calls. For all SFHP members who were potentially eligible for SMARTSteps, we had SFHP administrative data (age, gender, race/ethnicity, language, financial class/insurance type, and pharmacy claims) and CHNSF clinical registry data (A1c, systolic blood pressure [SBP] , diastolic blood pressure [DBP] , and low-density lipoprotein [LDL]) obtained through routine care.
Data Sources
Members who enrolled in SMARTSteps also participated in structured, computer-assisted telephone interviews administered by bilingual research assistants from University of California, San Francisco, who obtained verbal consent by telephone. During the baseline interview (n = 278), participants assumptions about patient adherence, resulting in missed opportunities to strategize about nonadherence or inappropriate decisions about intensification. 6, 7, [14] [15] [16] [17] [18] [19] [20] [21] Safety net health care systems and providers may benefit from tools that assess patient adherence to cardiometabolic medications. Continuous medication gap (CMG) is an objective measure of adherence that uses pharmacy dispensings to measure gaps in patients' available supply of medications. 22, 23 In U.S. integrated health care delivery systems such as Kaiser Permanente and the Veterans Affairs system, CMG has been well validated against electronic pill cap monitoring, serum/ urine drug levels, physiological drug effects, change in clinical control, and comorbidity and cost. 8, 22, 24 The validity of CMG relies on the assumption of complete capture of pharmacy utilization because any underascertained utilization will be falsely interpreted as nonadherence (i.e., a directional bias). CMG performs well when plans incentivize patients to obtain all prescriptions at health plan pharmacies, 8 and in claimbased insurance systems without closed pharmacy systems, CMG may be captured accurately while health plan members maintain continuous prescription benefits. 22, 23, 25 Because of its potential to guide clinical decision making, CMG has been provided to pharmacists in managed care settings as a real-time indicator of adherence to target adherence and intensification interventions to improve blood pressure control. 9, 26 The expansion of Medicaid and low-cost health insurance plans prompted by the 2010 Patient Protection and Affordable Care Act will increase access to prescription drug coverage for patients with chronic illnesses, especially those from racial/ ethnic minorities. [27] [28] [29] [30] [31] This increased access will yield new opportunities to measure adherence among safety net populations, with increasing accessibility of pharmacy claims for broader and more diverse populations. However, safety net patients may experience fluctuating membership and thus prescription drug coverage, which may occur differentially across sociodemographic groups. [32] [33] [34] If found to have broad reach and acceptable validity, comparable to other insured populations, CMG could serve as an important tool for clinical care and translational research for safety net populations. However, prior research has not examined the important questions of "who is in" and "who is out" of CMG measurement and the validity of CMG in a diverse, lowincome safety net population. Thus, we aimed to determine the inclusiveness, selectivity, and validity of CMG methodology to detect objectively inadequate medication adherence in an ethnically diverse safety net population of Medicaid and lowincome managed care plan members with diabetes.
■■ Methods
For this cross-sectional analysis, we applied the CMG methodology to data collected as part of the SMARTSteps Program, a quasi-experimental study of a self-management health infor- reported their educational attainment, employment status, and annual household income and screened for English proficiency and health literacy using items validated for this population. [38] [39] [40] Participants received a $50 gift card for each interview. The Committee on Human Research at the University of California, San Francisco, approved the evaluation component of the SMARTSteps program. This study is registered as NCT00683020 at Clinicaltrials.gov.
Continuous Medication Gap
CMG is a well-established measure of secondary adherence for ongoing medications using pharmacy data. 22, 23 The validity of the CMG depends, in part, on complete data capture-that is, patients obtain all prescriptions within the insurance system from which claims are drawn and have continuous prescription benefits throughout a defined observation period. 22, 23, 25 CMG is calculated only if the medication is filled by patients at least 2 times during the capture period. This implies that the patient completed at least 1 bounded "refill interval," which refers to the elapsed time between 2 fills. The frequency of fills depends inversely on the days' supply prescribed-that is, a 30-day prescribed supply is expected to accrue fills more quickly than a 90-day prescribed supply. (Of note, SFHP does not mandate a switch to mail order for chronic medication refills.) CMG estimates the proportion of days without sufficient medication supply within each refill interval and then sums those for all refill intervals occurring between the first pharmacy dispensing during the measurement period and the last dispensing within the measurement period.
To confirm that the prescription is used as an ongoing treatment, rather than a newly initiated treatment, we included only medications with at least 2 fills during the prior 12 months, followed by at least 2 fills during the 12-month observation period in which CMG was measured. We used a modified approach that accounts for stockpiling medications using a time-forward algorithm (i.e., extra pills remaining after any given refill do not negate gaps in medication supply occurring during previous refill intervals, but they are included in the count of future medication supply). 25 Because pharmacy utilization data does not provide insulin fixed days supply based on prescribed dosing, we excluded insulin prescription refills, similar to other studies. 7, 13 In this analysis, CMG was deemed calculable for SMARTSteps-eligible SFHP members with the following: (a) active pharmacy benefits between January 1, 2008, and February 29, 2012 (from which claims were drawn to establish baseline periods for ongoing medications as well as the CMG capture periods); (b) claims for at least 1 oral diabetes, hypertension, or hyperlipidemia medication with the number of fills required as previously mentioned; and (c) ≥ 1 claims for an oral hypoglycemic medication or insulin, as an additional confirmation of diabetes diagnosis. CMG was not calculable for dually eligible Medicaid/Medicare beneficiaries, whose alternative pharmacy benefit coverage prohibits complete ascertainment of pharmacy claims.
Given concerns that safety net patients may have periodic disruptions in their membership benefits, we conducted a sensitivity analysis to determine how results would have differed with a 24-month continuous benefit requirement. 28, [41] [42] [43] [44] For each subject, we calculated the CMG for all indications combined and separately by indication (i.e., CMG for oral diabetes medications only, hypertension medications only, and hyperlipidemia medications only). Using a previously validated classification, we considered patients as having suboptimal adherence when subjects lacked a medication supply > 20% of the observation time, and adherent when medications were available for 80% or more of the time. 8, 45, 46 First, we evaluated the inclusiveness of CMG by calculating the proportion of population with a calculable CMG. We then evaluated the selectivity of CMG by characterizing whether sociodemographic factors and cardiometabolic control were associated with having or not having a calculable CMG for 12 months, using chi-square tests or Fisher's exact tests for categorical variables, t-tests for normally distributed interval variables, and Wilcoxon tests for interval variables without a normal distribution.
Second, for subjects for which we were able to calculate CMG, we estimated the proportion with suboptimal adherence. We then compared sociodemographic characteristics for those with suboptimal versus optimal adherence. Third, we evaluated CMG's construct validity (ability to predict a construct that a measure should theoretically be able to predict) by examining its relationship to cardiometabolic control in the sample with calculable CMG in bivariate analyses. We used the first cardiometabolic measures obtained during the CMG capture periods, defining suboptimal control with low cutpoints (A1c ≥ 7.0%, SBP ≥ 130 millimeters of mercury [mmHg], DBP ≥ 80 mmHg, and LDL ≥ 100 mg/dL) and high cutpoints (A1c ≥ 9.0%, SBP ≥ 140 mmHg, DBP ≥ 90 mmHg, and LDL ≥ 130 mg/dL). We then compared the prevalence of suboptimal adherence (CMG > 20%) for members with suboptimal versus optimal cardiometabolic control overall (on at least 1 of the previous measures) and for each therapeutic indication. We repeated these analyses stratifying by age (aged < 55 years vs. aged ≥ 55 years), gender, language, race/ethnicity, and financial class/insurance type to verify whether the relationship between CMG and cardiometabolic control was similar across these prespecified subgroups. Although we lacked power for these subgroup analyses, we sought to confirm that the relationships occurred in the hypothesized direction among diverse subsets of the population. Figure 1 depicts the flow diagram for this analysis. Among potentially eligible SMARTSteps participants (n = 910), 230 were determined to be ineligible based on lack of active SFHP membership, lack of diabetes, primary clinic, language, plans to move, or no longer alive. 35 Among the remaining 680 patients, 429 (63.1%) had a calculable CMG. Reasons for noncalculable CMG were as follows: 35 (5.1%) had Medicare and therefore may have received medications through a Medicare pharmacy plan; 90 (13.2%) lacked any claim for hypoglycemic medications; 35 (5.1%) lacked any pharmacy claim during the first 12 months; 18 (2.6%) had only 1 pharmacy claim during the first 12 months; and 73 (10.7%) had fewer than 2 pharmacy claims during the second 12 months.
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■■ Results
Inclusiveness and Selectivity
Compared with those without calculable CMG (Table 1) , members with CMG were younger (P = 0.02) and were more likely to have Healthy Worker/Healthy San Francisco coverage than Medicaid, commercial insurance, or no coverage (P < 0.001). A greater proportion of members with CMG also had poorer glycemic control but better blood pressure and lipid control, compared with members without calculable CMG. Among the subset with baseline interview data (n = 278), compared with those without CMG, a higher proportion of members with CMG were employed full or part time (P = 0.006). We found no significant differences by race/ethnicity, language, gender, income, education, English proficiency, or health literacy. Seventy-three members had fewer than 2 pharmacy claims in the CMG capture period; compared with the calculable CMG group, a higher proportion of those with noncalculable CMG were non-English speaking (P = 0.009) and had Medicaid (P = 0.01).
Among the 429 members with a calculable CMG, 113 (26.3%) had suboptimal adherence (CMG > 20%). Higher proportions of members with suboptimal adherence were Black or Hispanic versus other race/ethnicities; English-or Spanishspeaking versus Cantonese-speaking; and had Medicaid insurance versus other coverage (Table 2) .
Validity
Among those with a calculable CMG, 395 (92.1%) also had available cardiometabolic data during the CMG capture period. In this cohort, 102 (25.8%) had suboptimal adherence for all cardiometabolic medications combined (Figure 2 ). Suboptimal adherence was more frequent among those with suboptimal cardiometabolic control than among those with optimal control, using high cutpoints (56 [ The association between suboptimal adherence and suboptimal control was significant across all therapeutic indications for high cutpoints. The prevalence of suboptimal adherence to oral diabetes medications was 39.1% for those with A1c ≥ 9.0%, compared with 24.0% suboptimal adherence among those with lower A1c (P = 0.03). The prevalence of suboptimal adherence to hypertension medications was 32.9% for those with SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg, compared with 16.7% suboptimal adherence among those with lower blood pressures (P = 0.002). The prevalence of suboptimal adherence to hyperlipidemia medications was 50.0% for those with LDL ≥ 130 mg/dL, compared with 20.8% suboptimal adherence among those with LDL < 130 mg/dL (P = 0.008). At low cutpoints, the relationship between suboptimal adherence and suboptimal control was in the hypothesized direction for each therapeutic indication but was only statistically significant for hyperlipidemia.
The direction of the relationship between suboptimal adherence and suboptimal cardiometabolic control was consistent across age, gender, language, race/ethnicity, and insurance type for all cardiometabolic measures combined, but because of small sample sizes, the associations were only statistically significant in some analyses (Table 3) .
In a sensitivity analysis, we found that higher proportions of members with CMG calculated with 24 months of continuous benefits had limited English proficiency (P = 0.02) and limited health literacy (P = 0.02); were employed (P < 0.001); and reported incomes > $20,000 (P = 0.02), compared with those without CMG (data not shown).
■■ Discussion
We conducted this study to determine the inclusiveness, selectivity, and validity of CMG as an objective measure of adherence for application in safety net populations and to determine whether it could perform in ways comparable with other insured populations. To our knowledge, this is the first attempt to assess these characteristics of CMG applied to claims data from a health plan that provides coverage to Medicaid and low-income, diverse beneficiaries. Our findings suggest that the CMG methodology provides a modestly inclusive and a valid measure for medication adherence among a diverse urban population covered by a government-sponsored managed care plan.
A potential concern for using prescription claims data in safety net populations is the inability to calculate CMG among the most vulnerable subsets of this population, whose coverage lapses or who lack sufficient refill intervals due to communication barriers. For example, patients with limited health literacy or limited English proficiency could be at higher risk for insurance coverage instability due to difficulties completing the reenrollment forms and procedures. 28, [41] [42] [43] [44] In addition, patients
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with limited English proficiency and limited health literacy may experience confusion with medication counseling, which can lead to failure to obtain a second prescription refill.
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We were able to calculate a CMG on 63% of members, a figure comparable with the 69% with calculable CMG in an ethnically diverse Northern California managed care 
P values derived from chi-square tests or Fisher's exact tests for categorical variables, t-tests for normally distributed interval variables, and Wilcoxon tests for interval variables without a normal distribution (age and cardiometabolic data). c For patients who completed SMARTSteps baseline interview (n = 278). CMG = continuous medication gap; Healthy Worker/SF = Healthy Worker/San Francisco; mg/dL = millimeter per deciliter; mmHg = millimeter of mercury; SD = standard deviation; SMARTSteps = quasi-experimental study of a self-management health information technology intervention for San Francisco Health Plan members with diabetes.
TABLE 1
Sociodemographic and Medical Characteristics for Low-Income Diabetic Health Plan Members With and Without a Calculable Continuous Medication Gap
Reach and Validity of an Objective Medication Adherence Measure Among Safety Net Health Plan Members with Diabetes: A Cross-Sectional Study populations and diverse populations in other managed care settings, whose published nonadherence rates range from 20%-30%. 7, 8, 13, 53 While suboptimal adherence occurred at higher rates in certain sociodemographic subgroups, our findings suggest that this safety net population may experience similar overall rates of nonadherence to other insured populations.
The validity of CMG in this population is suggested by our findings that suboptimal adherence was associated with cardiometabolic control overall and for suboptimal cardiometabolic control for each therapeutic indication. CMG has been validated in comparison with more resource-intensive monitoring systems and with clinical measures in integrated health care delivery systems such as Kaiser Permanente and the Veterans Affairs system. 8, 22, 24 Our findings were similar to a Michigan study, which found the strongest relationships between cardiometabolic outcomes and hyperlipidemia medication nonadherence. 54 Suboptimal adherence was also associated with cardiometabolic control similarly across sociodemographic subgroups, supporting its potential for use in safety net systems as a real-time indicator of adherence. 9, 26 Clinicians are often inaccurate in assessing adherence among their patients and view medication benefits and burdens differently from their patients. 14, 15, 55, 56 This may result in potential missed opportunities to strategize about nonadherence; incorrectly intensifying regimens for nonadherent patients; reluctance to intensify regimens for adherent, willing patients; or intensifying regimens for unwilling patients. 7, [15] [16] [17] [18] [19] [20] [21] Thus, an objective measure of adherence may provide clinically meaningful guidance for patient-provider discussions about treatment and a means of selecting patients for targeted interventions aimed at improving poor adherence.
The Adherence and Intensification of Medications (AIM) study, which provided pharmacists with CMG through an electronic counseling support tool, demonstrated promising short-term efficacy to lower blood pressure. 9, 26 Although blood pressure differences were not sustained, an intervention targeting safety net clinicians could lead to improvements in clinical and patient-important outcomes. The quality of primary care relationships has been strongly associated with adherence. Patient trust in clinicians has been shown to mitigate the impact of financial barriers on patient adherence, and higher quality communication has been associated with lower risk of poor adherence to cardiometabolic and antidepressant medications. 12, 13, 57, 58 Thus, an intervention specifically including the prescribing provider, particularly in safety net settings, may prove effective in shaping the goals and strategies of medication decision making.
Our findings suggest that when attempting to measure adherence for quality improvement or intervention work, as well as research in a safety net population, health plans and health systems will need to examine other means of evaluating adherence for those for whom CMG is not calculable. The reach of CMG did differ by other patient sociodemographic factors, with calculable CMG available more commonly for those who were younger, employed, or had Healthy Workers or Healthy San Francisco. CMG was less available for those who had suboptimal blood pressure and lipid control. Other measures of medication adherence should be studied for validity and reliability in diverse populations, including self-reported adherence, other patient assessment strategies such as automated telephony, or clinician interpretation of time between recent refills. 8, 13, 52 Rates of nonadherence were comparable with those found in studies of insured, diverse higher-income Northern California 
Limitations
This analysis was a cross-sectional study design and lacked time variables (e.g., length of time since diagnosis and length of treatment). We could not capture CMG for insulin therapy or measure the association between insulin adherence and glycemic control. This is a well-known limitation of CMG. 7, 13, 59 Our validity study may be limited by using a CMG cutoff (> 20%) to define nonadherence; however, this choice was based on prior diabetes literature demonstrating that CMG > 20% is associated with worse cardiometabolic control (A1c, BP, and LDL), and medication possession ratio < 80% is associated with higher rates of hospitalization. 45, 46 Cardiometabolic data were captured during routine care-thus not measured using standardized methodology or timing-and were not electronically available for all subjects with a calculable CMG. Our estimates for the relationship between CMG and cardiometabolic control may be conservative if missing cardiometabolic measurements were partially due to missed appointments, which is associated with suboptimal control. 60 Our validity analyses were unadjusted for potentially confounding characteristics, such as comorbidities, diet or lifestyle, and health care utilization.
Our validity analyses cannot also address whether suboptimal control is related to inadequate prescribed therapy, such as lack of treatment intensification by clinicians. We lacked access to electronic prescribing data to allow us to account for provider medication discontinuation, which could have led to overestimation of CMG, but this would have led to a conservative bias regarding the relationship between CMG and cardiometabolic control. Because CMG is not accurate if patients obtain medications through other insurance plans, CMG was not calculable among Medicaid/Medicare dual eligible patients, who comprised 5% of the sample. Our sample sizes for certain populations (e.g., African-Americans) may have been underpowered to detect differences between the CMG calculable and noncalculable groups, and subgroup analyses were underpowered to detect differences (although the direction of our results was in the hypothesized direction). Our sampling strategy may have excluded certain groups of diabetics, for example, SFHP members with diabetes who denied having diabetes during calls or without sufficient numbers of fills for inclusion; the latter issue may have led us to underestimate the prevalence of nonadher- 
FIGURE 2
Prevalence ence. Finally, these results may not be generalizable to other Medicaid managed care or safety net populations, with our high proportion of Asian and Cantonese-speaking health plan members and low proportion of African-American members. However, the diversity of the included population is a strength of this analysis, given the expansion of Medicaid to include more linguistically diverse populations.
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■■ Conclusions CMG demonstrated acceptable inclusiveness and validity in a diverse, low-income safety net population, comparable with its performance in other insured populations. Applying CMG to Medicaid and low-income health plan pharmacy claims may provide a useful tool for safety net health care systems to measure adherence among linguistically and culturally diverse populations. Future research should explore how the inclusiveness, selectivity, and validity of CMG change with the implementation of the Affordable Care Act. In addition, future translational research should rigorously examine whether harnessing CMG as a clinical indicator of adherence can guide clinical interventions and measurably improve outcomes among safety net populations. 
